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A major question in microbiology concerns the minimal repertoire of genes required for growth and division of the simplest forms of life -bacteria. Although attempts by scientists to systematically strip genes from genetically tractable organisms is one short-term experimental approach to this question, a long-term experiment already lasting billions of years has hinted that bacterial growth and division is sustainable with a minimal complement of proteins encoded in reduced genomes of obligate intracellular pathogens and endosymbionts. Mining data sets from these bacterial groups discloses new secrets regarding the mechanisms of cellular construction. The bacterial cell wall is an exoskeleton that protects cells from osmotic rupture, gives bacteria their distinct shapes and promotes cell constriction [1] . In bacteria, the cell wall is composed of a complex macromolecule called peptidoglycan that wraps around the cytoplasmic membrane. The importance of this protective structure for bacterial survival explains why peptidoglycan biosynthetic enzymes are exploited as major antibiotic targets to combat bacterial infections.
Peptidoglycan can be assembled, without template, to confer a broad diversity of cellular shapes. Thus, the regulation of peptidoglycan polymerization -and depolymerization -in time and space must be complex [1, 2] . In fact, how different three-dimensional shapes are implemented by core enzymes encoded in one-dimensional genetic code is a major problem in prokaryotic biology. Indeed, the same problem also underlies the formation of vertebrate limbs and digits by seemingly small sets of common genes that presumably differ primarily in their spatiotemporal regulation in various species. Solving this major mystery in biology requires defining the enzymatic activities of the core machineries and the minimal sets of components that are required.
For peptidoglycan, biosynthetic proteins have been described in a number of well-studied species, but many obligate intracellular bacteria lack some of these enzymes [3, 4] . With the recent demonstration that intact peptidoglycan can be extracted from these bacteria [5] [6] [7] [8] , the trivial explanation that they have incomplete peptidoglycan machineries does not hold, and thus the truly minimal, possibly ancestral, set remained elusive. Interestingly, the peptidoglycan biosynthetic gene clusters of obligate intracellular bacteria include a set of protein homologs called the SEDS: shape, elongation, division and sporulation (Figure 1 ). These polytopic membrane proteins have long been known to be required for peptidoglycan synthesis in vivo. Indirect biochemical assays suggested that their function is to flip lipid II (the membrane-anchored peptidoglyan building block) to the extracytoplasmic side of the membrane, where peptidoglycan polymerases manufacture the polymer [9] . However, since the bulk of the flipping activity is executed by the recently discovered MurJ-like flippases [10, 11] , the essentiality of the SEDS proteins indicates that they serve a critical other role in peptidoglycan biosynthesis. There are two principal activities executed by designated peptidoglycan synthases. The peptidoglycan glycosyltransferases connect the disaccharide unit of lipid II into long glycan strands, and the peptide branches of two lipid II molecules are enzymatically joined by peptidoglycan transpeptidases [1] . These two activities can reside on the same polypeptide, but many bacteria in the PlanctomycetesVerrucomicrobia-Chlamydia superphylum, for example, do not encode any of the previously known peptidoglycan glycosyltransferases, even 
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